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ABSTRACT

This report contains the results of analyses of surfusce samples and i}
cores from the main stem of Chesapeake Bay. For the -surface samples, both : !
the fine fraction and the unfractionated sediment were analyzed tor Cr, Mu, T
Fe, €o, Ki, Cu, Zn, Cd and Pb by atomic absorption spectromatry. For the
cores, water content; 210pn, ¢, N, Al, Si, Ti, ¥, €r, Ma, Fe, Co. Ni, Cu,
Zn and Zr were deterwined at various depths. Alpha spectrometry was used
for 2195 and DU plasma emission spectromerry was ased for all glements
except € and N, wihich were cetermined by a CHN analyzer.- Roughly 10,000

individuai anzlyses are reported, macing this the r1irst reasonably
. comprehensive survey. of trace ¢lement chemistry in the Bay. '
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CSECTION |

INTRODUCT JUN

_ Thare h5"=_huen a number of p;evipu$ inv¢st1gatiuns’05“t0xit-subééances
. in vations parts of Thesapedke Bay. In all cases, however,. the analytical
L wOrk was dunv as pary of isojated projects and metiods used were generally
JRRNPE & Laﬂﬁarabie from ane project to another. ibus, there has ‘peen o
pubpldl;L[ ct maxing 3. regioisal svithesls Ennl wesild nLluw uxt!vrtﬂt parts . . Cor L
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in the Bav's cendition o be cotvineingly u\uUﬁLPtLM¢ The, R
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Wpown to by toxic, to a tarye vdrletv o1 organisms. o Ju lew auncentratlon».!
“however,. th~3 niy. be vsspnt'aa mLer‘nutriunrs '&11ulgdgc of the . et
Tdistribution ‘e Eracw mﬂtdl: i ortant net” 1y becddse of thetr. . - ‘
potenatial 1@ ait-ui tiie QCUa"scem,'Hut'aiﬁa”hécaJse they might serve ‘s .
S fravers I athaer ‘n{hrpr,cWLL subsidntes W LT Er thmseivgs_much more
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~ resulting glass in nitric ac¢id, and usismg direct current argon plasma -
emission spectroscopy (DXP)} to determine the wmetal content of the .. -
‘solutions. . Deposition rates in the cores were derermined by 210ph assays
using the alpha-spectrophotosetric measurement of daughter polonium=-210.
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elevated level wmay be dus to this fine fraction. The Elizabeth River area’
shows consistent anthropogenic enrichment for only Im, while Baltimore . S
Harpor is enriched in Co, Ur, and Zn wita minimal V enrichueat. s -
Yaltimore Harsor is working as ao effective trap for fine-gruined
sediment, Most f the depdosilion is ocurriug in tne iuner reaches of Lhe
'Harhof._ The zone of contaminatica is oOver three meters in chis area. The'
ne wedges out in a seaward. direction and seems to show Culy »bry ninor

"'qlgns of appearzng in the Bay proper.,
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SECTION 3 - o . L

- : : " METHODS

ACID EXTRACTION- AIOWIC ABSORDTIO PROCEDURE

The ac1d artractlon method for 9uria o3 qtdxmcn:s from the main Bay is.
shown in Figere 1. The sed;mcut sanplns were oried at LOJOL for 48 hours’
and then ground in-a mullice (3%170j © 25i07) mortar. :
Approximately 5 g (for muds) to 50 g (:or sand:) ware weighed to the .
nearast (.0l g ou an electronic balance and placed in a 300-mL boilinz
flask. Tn. the flask, %0 mL ef concantrated nitric acid, which acted ‘as ‘an
oxidizing agent, ¢nd 16 mi. of coxcentrdted hydrochloric acid, which :
complexed 1ron, were added. A 30-cm Allihn rerlux cuvdensar was placed on
the flask and the conLcnta were refluxed oa & hot p;ate for tuur hours,
with vigorous boiling to promote mixing. .
_ Upon _oolynh; Lhae 5olnt10ns [ENTS o CLﬁ{rlLUQLd and lllterkd thxou:h
Whatwan Number L filver paper. The remaining _sdiment as washed two Cimes
with 25 wh of water, the wash solubron: Delnﬂ colie ctoc in- the denor. “The
e6lliected extract (~300 mL) was reduced to dpvrovaat ely 25 mL on a hot
plate, transferred to a 50~nil, voluneLrLL,qubn, ‘and brought To’ Vﬂiuﬂe wlth

Y nitric dcid. "The extracts were stored in'i23—mL_polchhy1c ie bortles.

' Throughout all analytical work; de-ionized wisrilled water was used.
The nitric aad hydrochloric acids weré analytical grade, meeting American
‘Chewieal Soc;etv spLL1f1cat1un§.‘ Acicd blanks. wdre unatyzed to.cneck for
cnntamtﬂatlon and it was found that' the levels were u:ually below the
detectxon ‘limits of conanclonai fluame atenic gobor?txon- “The Pvrg>_
glassware and polvethylene botrles were @ll sashed in (2 M osulfuric-aecid]
ALY s&asdard solutions were made from either high pu!ltv mgtulﬂ or 7
chloride, ch~ -omate, or- sulfate. salts 1n & waandr similar to that “of Dean’
snd Ra;n% {1971} Woriing standards -ware pfeparKd“H“'dfiutibq af the GYOLK_
golutrots. - The rtundaxdc of Cr, Qo;? Lu ~Cd, and 'Fb wETE prwpafedrln 5%
itrid-a The. standards of ¥Mn, Fe Cand, IR

vty

: ww" prepar'd an i
o Analysis-for these roiaflveiv ablndant we*al*‘w*s“ -
:G'iQLd dliuukon or. thc cvuxment cxtra LR RIS - .

'hvaro:niorlc a;xd. : . e :
ﬁnalvs“s of the sample ex trﬂcts uere do.ye by acomié'aHQGintloh
spectros LOPV (745} with several instruménts; “a Perkin-Elmer )GJ,.dn
Instruwﬂn vation Laboratories. 333 orv an. 1h_ffu )n[dtxon L&JQY&LO“lEb i51.
Cqu1t101s of analvc1b wvere ds redommended bv tha manufacturer eXcept whare
neted in anle s “agkground correctivg,: &l aenterium lawp, was used
for elements with a naivﬁi ai vavelengt hs of -
satule extract was analyze uﬁﬂiiute - 1:59' 3 7
u«cé Lo obtaxn berte er pfec1qx Lﬁro Lun 'dﬂﬂ;VSLS wWare done usLnH a tean” . . -

5 than 330 namvhen thL.
wave le ngtn for Ni was

tame to rvmav; Lntertervncea, esh oW h\U:,-EF-”Jﬁhb by nawa and-

an (1977).  Aitbough €r %EﬂﬁileitV hxnxvlszwé in 2 lean Llame, the _
preulwiun qnd dL[Lu{LDﬂ limit rer acce p.;a]e'ch ls tor amalvsis of
' tvp,tlaﬂe nerpcxﬁicularf
"?“) reaorts 4 working
'101 CbthS [ur ‘Fe ware

s‘uurlue-s sdiment i Iroa’ ana
.tn Liig upaw._ Usi "thtk coil
rsnge'of 2.8 to &4

i
Ala-“

uagpfal.
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Table 1. Atomic Absorption Spectrometer Conditions¥

_ Solution ' Wavelength’
Metal - -Analyzed } (om) Comments
Cf' o ) . Exf:aét L 357.9 . ' Lean flame
i ' ' - :

M " Biluted by 30 279.8 . : L

Fe . piluted by 50 ~ 248.3 - perpend'ic_ula_r Flame

_Co . . Extract 240.7 o Background correctlon -

: ) ’ used o

CUNL ' s Eﬁtract_'- e B 3#1.5‘ . Greater prec151on _'5_:”'-
S oo - wavelenéth R
Cu .. Excfact'lﬁ-:(_- - 324.?-=': L .

'ip Diluted by 50° {'_ii13,8 R AnalyPls us1ng a-

T - . Sl!‘gle-slot burner

Bacaground cor tCthH

..Extrac:f

Backgraund correctlan
used

FALL sectxngs not descrxued conform to manufacturer 1nbtrument sett1ngs°-a11
‘analyses ware done with an #ir - Czﬁz flame using a: BoAllng burner. o
(except'in) bac&cround COYYEhted elementb_analyzed en 1L, others on,PE.




found to be linear up to 200 vg/mL. DLazckground correctlon was uUnnecessary l$ér
for Fe annlySLs except for extracts of rhe Niational Bureau of Standards

(NBS) river sediment staﬁdard.

PLASMA EMISSION METHOD-FOR CORE SA&PLES
" 1g order to deterane a Iaréer group of elements ‘in ‘thé core ‘samples’
and in the surraee sanplea from Baltlro*e Harbor and t1e Ellzabeth Rlver,

aDsorptzon dafa, another metnod ¥§§“H:Ve105:3ﬁwh1gh invoived fusing the'

samples with lithium metaborate (Suhr and Ingamells, 1966) dlssolv1ng the !
ic acid and using direct current argon plasma S

_resulting glass in nt
emission spectroscopy \DCP) to determide the metal content of the.

solutions. One hundred milligram portions of tie dried sediments (see next
section) were fused with 0.5 g of lithiuem netaborate in a graphlte crucxble
at S00°C for approximately 15 minutes.. The wolted 1¥thium borate. glass -
‘bead was poured into a 150-mh- Teflon FEP beaker containing 100 mL of 4%
nitric acid. The beaker was Dlach on @ magnetic stlrrer apl the contents
. stirred for appreximately 10 minutes. ~ The. solution was then trunsferred to
+a 125-ml polyethylene bottle. Eidch sediment was fused in triplicate.-
‘Blanks of only lithium metaborate were also fused. Reagent grade nltrlc
Tacid and de- ionized distilled water were used in the prepdrations and.in-
‘ ‘gleaning the plastic ware. Working standards were prepdred by dilution of
‘the previously described stock solurions usxng lxthlum nitrate squtlon in
4% nitric acid so that the concentraticn of Li* in the samplés and the - -
“édrandards match. The solutions wére analyzeq using a Spectram;trlcs '

Spectraspan TV spectrometer equipped with a Spectrajet 'III plasma. source.

“The conditions were as ‘specified by the nanufacturer, and the smallest

ava¢11bla slits were used.’
“The’ pracision and. accuracy of the an dlytical'methods u$éd.ih fhis’paper

have beén extenalvely docymented in two theses (Sinex, 19815 Cantxllg,_a
1982) ‘and in two papers. (SlnLK et ak, 19850; Ceantilly et al. 1983) ' These

SouUrtes - should be consulted for furthcr 1nformatlon.

21 Qi’b'.'PRGCEDUhE

: In Qrder to determlne depOalLlon rates in the core samples, assays for
10Pb gere performed bv the - followlng Drocedure. The retrlgerated cores -

each 2 0 cm

va l“yielded approxihafelv TO cras  of aedaﬂentary materlal.n Prec151on
‘the. sedlment ‘extrusien vas ﬂssumei to ba 1 or 2 mm for- any . cxngle
were trimmed dround tn; CLerﬂfErEHCE tc ellmlnate

;ioﬁ. Ail 1nt9rval

ae“inents wers Lransfﬁrred with
elﬂhlng dislies and dried to cnustant we1ght
The aelcnt lo:s was recorded, which providés a measure of the
or the sedimants. lhg dried sediment cakes were. manuallv )
a2 fine powder with mortur and pastle. Radiochemical anal)sﬁg
Ra-226, Cs-1377 were foncucted ontacid ewtracts of the ered '
sedxmeats.' Since- thL drlré Lhessnuake Bay. sedlnentq possesa

=




variable salt contents due to thELr high por051tles, all measured
concentrations were normalized to salt-free sediment weights calculate d on
the basis of pore water salinities (Bricker, 1980).

In this study, lead-210 in the Chesapeake Bay sediment samples was -
determined using the alpba—spectrometr:c measurement of daughter
polonium~210. Secular equilibrium between lead-210 and polonium-210 in the

" sediments was assumed. In this procedure polonium~210 and lead-210 arc ‘
taken into seiution by ox16121n° (wet-ashing) 1 ~ 4 grams of a drled
ground and accurately weighed sediment aliqueot in warm nitric and
'hydroch10r1u acids for several hours. The findl residual sdlution is -
separated from particulates by’ centr1fugaLlon and filtered, After several
add1r1ons of hydrochloric acid to remove interfering nifrates, the solution
is made up in-0.3% hydrocnlorlc acid and spiked with a polonium~209 vield.
tracer.. The two isotopes (¢ 20%ps and 21“90) arz-removed from solution . -
by spontan;ous elecrrodeposition at 90°C onto 'a nicke] -200 disc (99.95%
puré Ni)}. The. poloniim 1sot0pes plated on the nickél disc are counted wx*h
~arsilicen surface ‘barrier detector linked to & pilse height analyzer..’
. - Baukground activities for the surface barrler detectors were all less-
. that 0.0010 cpm in the polonlum~°09 enargy region and Yess than 0.0003 cpm
- 'in the polonium-210 energy 'region. Reselution for the 5. 33 Mev _ :
_fpolonlum-710 alpha. was about 50 KeV full width at half maximum (FWHM). The:
- efficiency of the detectors for alsha partlcles is nearly 100%, but '
geometrical constraints reduce. the actual counting efficiency to 25- Jﬂm.
0f course, the efficiericy need nmot be known because polonium—209 \t1/2 =
7103 years) was used as a tracer. Polonlun~209 was selected as the. yleld

;7mon1tor to achievé complete baseline separation between energy peaks (4. 88'15'

and '5.30 MeV, respectively). Use of the polonium-208 tracer is less
desxrable due to its shorter ha}r-lee (2.9 years) ané the spectral
basellne correcticn necessazy to resolve. it from pclonlum-Zlﬂ due to peak,'
tailing problems {5.11 and 5.23 MeV, respectively). SRR
. A;pha activities of tha po‘oqlum—209 and.pclonlum—Zl“ruere deternlned"'
by comparison of the” integrals under their respective peaks. The .
polonium-209 tracer solution (. GC4 x 107 “6ci/liter) was standardized by
both plating -and evaporating a known volume onto the surface of a ;
n1cxe1 200 dise  and subSEquently counting in a. 277 gas proportlonal
ourter of 51/ eff1c1ency (WECH TRONICS NUCLEAR=#X—319) :




SECTION 4

SAMPLING

SFRFACE GRABVSRMPLES

, Su'faca sedlment samples frum the malnstem of Chesapeake Bay were’

exllected along 25 selected traverses oriented principally in the east*west
The general locations -of the traverses are shown

"

¢{irection across the Bay.
in Figure 2 and the exact sample locations are given in Table A-1 {in .

Appendix A).  Time of colleétion, collection agency, and the method ot
navigational location (Loran, Raydlst or radar) are alqo given .in Table
A-2 (in Appendix A).  All main Bay surface samoles were’ Collected between

1Apr11 1977 and May 1979.° ‘ :
'Forty-six surface. samples were callected later (Mﬂy and Shune, 1981) 0 o :

from Baltimore Harbor and the . Ellzabeth vaer. ‘Locations of these samples _

S, are shown in Figures’ 3-7.
: The surface- samples were. collected by a Ponar grab sampler and 1nserted,f

- into polyethylene bags. - All samples were taken from the middie of the g=ab .-
to avoid contamination. from the walls. Samples were transported back to - .
he laboratory where they were stored at 49C, S
o .The main Bay. surface samples were also" fraLtlonated by wat szevlng
after decantatlon through a 63 um nylon sereen held in a Plexiglas’ frame.,
Dlstllled watér. was. used in this operation and was crrried with the ¢63 pm o

matetlal through the analysxs S0 as_to retain soluble mat.rxal.;

REPRODbCIBILITYVOFVSURFACE SAHPLING J

In evaluatlng the precxsxon of munltorlng data, it is <ommon to
nsider only sources of error arising from preparatxon and. an31341s of Lhe
ample.: How*ver‘_sxnce the ‘firral result.is expected te 1nd1cate SOmetth?r
bout the: env1ronmeut, it-is 1mportant To consider the eftect of the ;

s mpl'ﬂg process 1tself on overall prec1s1on or. repraducxblllty.;

raverse was resampled & second Eime Ln the reverse dxrect1en, agaxn,
Hence, four samples; collected in-

Ilectxng Twd- samﬂ‘es per. statlon.
havxgatlcn was done by u51ng

Conslderlng fiver the tmud~ type bamples (Statlons 1 and 2) ‘it can.

n. by scanning horzzcn:ally across.Figure 8 that variaticn is. small o ‘

.all four samples at.a:given station. For the unfractionated- L T
open.bars-in Figure 8J) ’ L
*D) p0551b1y reflect;ng naVLgatlonal error

‘there 15’ some difference between patrs )
but rhis 1s'nct'muth-j‘1-




-+ Figurs Z. Traverse locacios
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L 63 um). Samples (up/g) except where £

Table 3. Reproducibiiity ef Samplingy Kesults for Fractionated

tot.analvzad.

‘Station Replicate Cr - Mn Felx Co cd 43

1 AF 51 640 3.9 15 - 43 53 250 1.0 40,

BF 53 760 3.3 15 160t 52 1200l - 0.9u 54

CF 30 670 3.8 17 ab 43 260 0.87 39

Y 54 540 3.7 15 &7 43 240 ¢. 76 7

2 AF 48 49U 1.6 is 39 s 196 u.b4 23

'Y 5 -2 - - R .- --

oF b . - o ? s o o

DF 6l - - - 17 33 s - —

3 AF 46 290 3.8 B3 35 33 00 130 0.6 27

8F 60, ~- - -- 32 20 -t - -

E 6h4 - e - 38 31 - - --

‘DF 58 T - - a7 30 -- - -

AF c27 . 260 2.2 3.6 2419 95 0.14 14

BF 33 == - - 23 17 - - -- -

CF - - — 23 17 - - -

- -DF: ‘33 - - - 23 18 - - -
CQd%ahinatidn with Zu-Ni phésé.
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larger than analytical ervor. " The unfractionated samples are slightly more
Cu-rich than the <63 pm fraction in the case of muds, probably because of
metal-rich grain coarings on the sand fraction. I=m coantrast, for the : ' E
sand-type samples (Statioms 3 and 4}, the veriation in unfractionated . : B
samples 1S somewvhat larger on a relative basis. PRecause large quantities : )
{~50 g) were extracted to avoid loss of precision at, low levels, these
viriations cannot be dismissed on account of analytical error. Variation
by as much as a factor of three occurs in tne unfractionated sand samnples.
Howeverb, the variation in these samples is as large between samples ' :
collected during the same occupation of 2 station {i.e., compare 3C with . oL
30) as it is between the samples col’=cted during first and second - _
occupation of the station (3C,D ys. 34,B). Thus, vavigatisnal error is , : B
clearly not the source of this variation. 1t is probably caused by o '
small-scale changes in the proportions of heavy minerals, sand, and clay
<~ because of lecal hydrodynamic sorting suth as might be associtated with
‘formarion Gf Fipples on the bottom. The concentration of trace metals per
unit mass of sediment is known to be much larger for fifte-grained material’
(da Sroot, 1976).. When the grain~size variable is removed by analyzing
only the <63 pm fraction, the reproducibility at a given station is much o
petter {see solid bars in Figure 8). T : R . R
. THus, reproducibility tends to be poorer than expected on the basis of
pstrumental uncertainty in the case of coarse-grained sediments. - This was
hserved most clearly in comparing different samples collected at the same
jte (Figure 8).. Howsver, the effect was also noted in pairs of analyses
“material from the same samples. For sand-rype samples,';hese_pairs_off'

-analyses were discordant by more than- 30% in some cases, whereas they were
ch less discordant for mud-type sediments. 1t would_appea;fffom,these

ilts, that the quality of monitoring data obtained from sandy . - S
ironments is limitéd not by analytical uncértainty, but by the chemical ' :
nhomogeneities inherent in sands. "1f sediment analyses are to be used te o
itor : n sandy térranes,. it would seem advisable to. o
e composition of the ‘fine-fraction rather - '

qﬁtorﬂenvirenmenta}'quality i
The uvnfractionated sediment samples-

¢ emphasis on changes in th
1 on ‘changes® in btilk- composition.
é3§¢h3b1y tept0ducib1eliq muddy terranes,

cores ware:collected dt stations in:-.
in stem of Chesspeake'ﬂay'(Iable_4;'Figufe'9}-r'?he bulk of the -
sere obtained during the November, 1978 and May-June, 1979 cruises
Fetriever. When possible, the core catcher was eliminated from
ity corer to minimize perturbatiom of the sedimentary layers. Core
were refrigerated upright at 49¢ in their cellulose acelate.
e:cdre liners pricr te analysis. In May and June; 1981, an"
onal 28 gravity cores were collected from Baltimore Harbor (Figure 3,
In additién, two - 7 L

designations) and the Elizabeth River (Figure 5). _
e Baltimore Harbor, were obtained .from the

eventeen 6.7'¢m_diametér'gravitj

neaffFort.M:Hgn:y,=ih
Highway Administration. .-




Table 4. Chesapeake Bay Sample Locations . - ‘ -

_ Core -
’ : Sampling- _ : SRR . o - ol Length .
Station "~ Date . Latitude L Longitude = - {cm}

52 CB/6/79 0 U 39939°13K - 75056030"4. 88

6 C ayigs 39018 N . 76014t W g
6 sl ey wo L eepr 76
R s O UBBOABUIOMN L - 76023'30% 104 -
-t:14; S _6/#9{79'1 - ;:__3593§'  R B _76935.303Q s 56; o
: " §f9!59f-' 15 Li{':3$?1if3§*§. ‘ '_ ; ) 76619;3h5u f}jg};"f:géé_ _f;

6i26/79 0 31230y 7505750
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SECTION 5

CO%POSITIOV OF SURFACE SEUI%FNTS

1MAIN BAY b STATISTICAL.DESCRIPTION

Data on the main Bay surface samples are prcsented in kppenutx A The

frequency distributions for all the elements in the main Ray unfractionated
__samples were approximately_log-normal.,. This is not unusual, especially
. since the lower end of the distribution is controlled by the detection
'Tlxmlt for each element. This 15 a common dlSttlDutan £o¥. geochemlcal data
“(Koch & LLHF 1970). .Figure 10 illustrares the type of plots obtained from
“the dara. The Cr distribution (Figure 10A) along with those of Fe, Ni, and
-Cu are s‘lghtly bimodal.. Thé Zn plot (Figure 108) a}ong with Mn, Co, and
‘Pb show a decrease in frequency as metal levels anrLase.
: The . <63 um fractionated sampies show distributions that ware for the
_ost part skewed to the right. A representative example is lllustrated
using the: Ni dita in Flgure 11A; Mn, Co, Zn, and Pb have SLmLLar )
distributinns. - The‘uu dlstrxbutlon shown . in Figure 11B.has a bimodal
gharacter. The exciptions to the skewed dxstrlbutxons above are Cr and
Fe, . -The C¢ dlstrlbutxon (Figure 12A) looks faLrlv normelly distributed; -
1owever, 2 cumuiative’ frequency plot showed it to be slightly skewed te the
fry - The Fe- (thure 12B) shows a platykurtlc distribetion while 3" :
m'Iatave frequency plot showed it to be closest to narmally dlstrlbuted.
i) n'al ~the - ¢63 pm fractionated sample ‘dara-were logar1thm1ca11y'ﬂ .
; _rmed Mn, Co, and Pb appeared fo.be blmodally distributed and Cu and B
n Gssxblv also were bimodal. ThlS is. illustrated in Fx;ure 13. TR
The’ standard product-~moment correlatlon coeffiicients were caleulated
unfrchlonated and <63 pm ‘dats sets for all: ‘metals except Cd.
ximztely half af the simples in the main Bay gave trace or - P T
tect ble €d levels; -hence the Cd data'were _removed: before statistical. S T
en;, “The correlation coefficient matrix is thwn in ‘Table 5. 'The
for ‘the unfractlonated samples are showr below and to the lefrrof
goual whlle the o3 nm Eractlonated saﬂples are, above ‘atd. to the’
All the wvalues are 51gn1£1cant at the 1£ level “given the number of-
ind cated ‘on the table. R R o L
tmber of 1mp0rta1c ‘observations can. be made frem Table-5. For S
- correlatxn Loeff1c1ents for: the’ unfractxonated samples are
han the'’ (63.pﬂ fract1onated Sdmwles._ ‘This increase could be - i
he- wider range covered by the unfrdctlonatad samples, s:nce narvﬁ
les: are an!uded in this sets. & related way of causxng ‘2 wider’
o ld- bL_by remov1ng a meétal~ fich component during the labora atory
dnation: Processs - Coatings of; hiydrous Fe-Mn otldeq on sawd-
1) may be_a'51gn1f1cant caompanent - Iﬂ muds. The: hlghect
caxly occurs betweéen Ma and ‘Coy Ni, and Cu., -Hydrous

have been shown 'to adsorls st;ongly Ni, Cu, and especially
9?5ab Hgm, 1978) Graln coat1ngb of hydrous'manganese ox1des

t high
‘e_qlsq eyxdeng, llkg Cuan,and.Cu-Pb whxch_may,refleét .
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‘Table 5. Correlation €oefficient for Main Bay Surface Samples.
(ALl values are significant at the 1i level.)




.abSOClatlﬁnS in organlc matter (Hallberg, 1979) or Fe with mo:t other.
5 which may indicate the presence of these mectals in iron oxyhydrox;de

: !T‘"[ 5

grain coarinys {Hem, 1977).

e In an effort to try to explore these associations, factor analy51s was
run on both the unfractionated and <63 pm fractiorated sample data.

Factor analysis assumas that each of the variables can be Yinearly re;ated

‘to ‘some number of. underlying factors. Variables may be partly or o oo 3
cOﬂpletely depandent on one another (Koch & Link, 1971). :tor analysis - C o T
as performed on both the data.sets using the BMD 03M proprcn (1976 ) ' T

The results.of the factor analysis shewed that exther there was
ttace ziements in the sediments . . . . . e

iersionl.
This was true for

uly one factor involved in the control of
most likely, there were coalescent muxtlple facrors.

i
oth: unfract1onated and <63 pm fractionated samplée data ‘from the main
The = :

ay— all. factor load1ng went to 'one faztor for each data set.

ulative proportion of the hotal variance attributable Lo one factor was
A logaglthmxc B : '

eater: than. 701 {(H.G. Siegrist, Jr., Tar: comm. ).
an:fornatlon of the data was also subjected to faétor anal,sxs ard agaxn

one’ facto' controllLd the Ioadlng.

EWENTAL BIgTRIbUTIOW PATTE&\D

The dtatrlbutlon of each clement in tne main Bay has been d:splayed by
ap. produced by a computer graphlics package called SYMAP (Dougenik & .
All of the unfractionated sample data are presgnted as

B3 am

h:n, 1976).
r maps, based cn interpolation between data, while the
5th erder. trend

jonated sample datas are presented as smoothed, ) )
and their acconpaﬂyxng reésidual maps. Once’ again the Cd-data have:laz
¢luded due to limited data. coverage.- The data from Baltimore Harbor

lizabeth River were .excluded from this. analysis because ‘the high.
oncentratxons in these areas uould distort the T e e

of anomalous netal

“trends. : -

nﬁ,surruce is a. smoozh qurface fhat ie

urface is-gescribed by a mathenatleal equatlcn and igzréasing the

he .equation increases the complethy ‘of the surface. :To select

-surface of best fit, the following were considered. . The ¥esidual”

he resxdu“L map), or the d1EEerance between the trend surface -
‘fhe variation (expressed ‘as.’'a

[ata polnts, was kept’ to a minimum.
expTalned by -the surface and: the. cerrelat;on coeffxc1ent

ara points and points’ on-the surface both ‘inicrease as :he : D .
PR LT /;;; _

he surface increases. However, -as . the order’ 1ncreases the -
5 more’ contorted. Hence, the hlghest perCEﬁ:age variation . L - T

o
d correlation coefficients: were obtained while keeplng the

rimimim and the ‘surface reasonable (not top contorted;
211 of the data werz tested with third to sxxth

thted to the dat& poxnts.g

gatiue areas).
Lower order surfaces shoued poor fit.

urLacas.‘
dnd ‘hence hxgb;r order surfaces were re;ectad because
“maxima and winima appearad in the case oL some metals at”
ns withir the Bay. Use of '5Sth order trend surfzceés largelv
problem. in most cases. An e“ceptlen is Mo (see Figure HE o
thof ‘the Bay a nejatlve area appears). Fifth order was chosen-r" _ . )
rfaces were genarally reasanahle, resxﬁuals were’ fairly low, ST ' -

29




,percentage varlatxon explained b§ the surfaces were &9% br'greéter,'and all =
correldtion coefficients were G.83 or greater. This is summarized for - o
The. tread surface for Zn

the <63 pm fractionated samples in Table 6.
ylained by the surface was poor.

" not. presented because the variation exp

"1n5tead, a. contour Mmap was ‘generated. :
The equations for the 5th order treund surfa:es are presented in Table w

-They are: xntended for interpolation and smoothing, in order.to dtscern-
n the main stem of the Bay. . The 5th .order’ equations 7
£ extrapolated only a short distance outside the region-
.The equations are. wrztten in terms of .
dinate system in wh1ch the northuest

was

7.
regxonal ‘trends’ i
produce’ artifacts i
where they are controlled by data.

SYMAP cocrdlnateb.; SYHAP uses a coor
orner is the cr1g1n "and the X dxrectxen increases o the east and the Y~
The equations to converti latitude and

1rect10n increases to the SOuEh.

n~1tude in decimal form as degrees to SYMAP coordinates are glven in

“Fhe SYMAP coordinates may then be substxtuted in the. Sth order
‘the concentration of the metal (Z) determlned us;ng the . 

able 7,-
ch the trenc surfac; aud ‘Contour maps were

dts:rlbutxons mentionad earlzer.'-The'
ndard devzatxon ‘cantered on "

'olvnomxal and
ppropriate coeificients from T

" The . contour intervals on be
sen by considering the frequency

ddle 1nterva1 encompassed a range ¢f one - sta
mean. -The two Jower and two higher- intervals were. then aseigned. 7

dxtxonal ‘standard deviation-w side bands - below and abgve the mxddle_
erval. - The lowermost or uppermost Lntervals were occasxonally expanded }
nclude- 0ut1yxn5 data.filn moskt instances, the intervals were shifted
ghtly to distribote. the. data -somewhat fore. evenly ‘within the lntervals."

herabove method . fof de:ermlnlnb the” 1ntervals causes the unusual 1nte val

wakes graphical. compa:1$on- £ :he data.for
Fhe reSLdual map intervals. ere determlned by
‘duals of less. than, 19qr (the: ‘difference

d the; trcnd surface). The other
mxddle, coverIng

tut poxnts, but

ng. he: ‘middle’ 1nterval to- resi

n:the 1nterpolated surface an

vals were also HoZ-wide bands, above and below the

gals.up to aboeve 25 difference.. -

il orders of- trend surfaces tested (thtrd to sxth order) revealed
rease "seaward ;- probably 2

hé elgmen:s ST % the (63 p1 fractzun dec
: (Susquehanna va ).
at seaward

=5 Erom Balt1mor ,Harbor ot

ogen e 1npu
: 1 . d by q=awaré transport. :
he're suIts for. the: unfractlonated sedxments are- 31m1lar ‘to the €63 pm
yut hdve addltlonal variation due to" graxn—sxze. The effect of-.
‘an . be seed when the. uniractlonated an
‘Metal concent“atzons

Susquehanna’ flats are compared ‘Lo each’ other

i fraction aze: substanttally Varger!on “the flats ‘while.the.:
sd’ samples are depleted bacause of the large sand. component xn
Vienérgy environment. . “The <63 pm fraction’on the Flats has a ¢
lose to that of the Susquehanna szerr

Tiek al., 19753)
followzng paragraphs, the trends for.
111 be coas;dered 1n bcth the unfractlonated ané (6; pm

P

d.<63 A fradtionated data.

"quspended matter-..u”l'“

a;h element or groups of -




Table 6. Statistics Used to Judgé Best Fit for F
" { <83 pa fractionated datal

o
&L

Wz 87 - s - &8 29 T8

.33 U, 0% bad5 Ua Y - G:%4  0.89 T
nd i"g;u'z'fa_ce' map not preduced. )
g are significant at Ll lewal {(p=185).




_Tabie'7. Trend Surface Equations

| ]

Cunversxon of Long. ana Lar. data to’ SYM AP coordxnates‘

Xsyuap = (76.75'—1,o:ec.)*11.30§72

fb'i"‘xA? = I.LAT -36. ?5)#...71)0()

with Long. & Lat. values in decxmal iorm as defrees.

L .

General Form.of 5th order equation:
. Meéral vaiue calculates. as Z i units of up/g except & Fe.

‘Cdntiﬁuédf;ﬂ:




‘Table 7.

Cont'd. Cosf{ficients of 5th Order'Equatian

.'\-0

Al

An

A

L

. A

.AS.

Mo ~0.34%102

Fe  -0.99x10}

SCr U 0.12x10%5

~0.48x1l0t3

0.12x105

0.8oxtol

-5.37x107]

~g. 21103
-0, 26x103

~0. sax103

-0, 95510% 2"

0.57x10%
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The dlstrxbutlon of Cr shows a general
trations in both the unfractionated and
4 Baltimore Harbor (Figure 14}. - ’

One dlStinCthe feature of Cr in the .63 um fraction is the plume which
occurs at the mouth of the Bay and extends up ‘the eastern side of the Bay ;D
(Flgure 14). The distribution of this plume follous a pattern that might
‘be expected ‘if ‘the Cr—bearxng partxcles were being carried into the Bay by
bottom currents. How careful inspection of the data in Appendlx A suggests

that this anomaly may be largely a fitting artlfact and that in any case !
“the fe-~ture in.not as prominent as suggest by Figure 14, .
. Manganese. Manganese also decreases seaward (Figure I5). UnEractiOnatéd

- samples show elevated jevels just north of Baltimore Harbor inm the area of

the Gunpowoer River (Figure 15a)}. The -Mn data have a range from 74 to 6900

some problems when

“ugfg in the €63 pm fraction. . This large range causes .
‘setting ‘the contour intervals because the data are skewed such that the

lower end of the distribution contains most of the samples. This grouping
‘causes little structure to show up on ‘the map. Becauge of the large : )

_fractionatedrsamples.' Chromium.
decrease down the Bay. . High concen
€63 um fractionated samples cccur aroun

N -
~variation in data, he resxduals were set by percentage dlffereneec for the . .
ves an indication of good fit, “but overestlmates - . -

‘northern Bay data, which gi
jin the scuthern Bay.. This is not a problem w1th the other metals due to
their smaller range in variztion. . : S
{ron.. The distribution of Fe shcws a general decrease down the Ba;, w1th
he unfrauttonated ‘samples showing elevated levels around Baltimore Harbor-"
‘and’ around Annapolxs (Figure 16)}. Although there have been large:
lscharga% of - iron: rlch-wastes to Baltimore ‘Harbor in the past (Carpentnr,_,
t a1, :1961), the iron’ anomally near the Harbor mouth is probably not dn
nrhrcpogenlc Eeature.” Later; ‘it wxll be. shoun that the Fef4l ratio is not

onalous . in: ‘this-region, so the hlgh Fe. values must simply reéflect- 2, high
“‘The elevated levels . are produced_

ncentratxon of: fzne—gra1ned sedlment

enly three samples,‘sc thie -area Wlth the. elevated levels may be somewhat
e map (Figure 16a). . , .
Annapolls ‘area needs to be consxdered
The extent of the ‘elevated levels mear the Annapolxs area xs real

1 have ‘little effect om the overall iron-input to ‘the .
ions around Pnnapolxs dire

evels, the- levels 0

agoerated on-th
The effect found around the

'small ‘and wil
he samples y1e1d1ng elevated coucentrat

miad, samples.l Besides’ havxng elévated Fe’
wand Zn" (Flgure'ZOA) aré also.ele e
wate¥;-aspecially the, particulate ma -
n (Gallcway,_lQ??) A alternatt ‘source Of. thls enrlched mater al
e dredga sp011 from Ba_¥1more Harbor which was dlqposed off of Ként
. The Harbot’ ‘sediment ‘is enrlched 1n Cr, Fey “Zn,. &nd other netalsﬁ

ver the sp011 materlal which ‘was dlsposei off the dorthern part of Kent © °
gar~shore’ environment:

sland would have to be transpcrted to the suallow™n
A'napolls._ Dther- pOaSLble sources ‘also <xist. The area off Annapolis
anchorage for marine vessels awsiting dock spdce in Baltimore

The trace. ‘element anomaly near. Annapolxs coiild be caused by .
from the ships, either" waste Ot -€argo. But Rbalﬂ the mﬁterlal
d have to be transported imnto shallow waters ' T
distinctive feature of the Fe data in the un:ractxonated and _
1y in the €63 um fraction (Elgute 16%) is the Rappahannock rlpple, Coe :
in. the v1c1n1ty Lo the uorth and soutn of the Rappahannock Rxwet. o _ e
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The lower Bay, below rhe mouth of the. Potomac quv»r, is COmposed o{ naxnly
samifsilt sediments, with only minor clay.: The area of the Rappahannock
ripple is a2 channel “omébsed'ofnclay4rich mud {Shideler, 1973). The high
_clay content causaes the elevated iron levels even in the .63 um fractieon.
This fraction contains boflh silt and clay and, within the ripple, clay is
very abundant. The other elenents, especially in the unfractionated

aiso show an increase in this area.
The patterns £6r Co (Figure 17) and i (F;pure 18) 7

This -is not surprising considering the’

high correlation mentioned . earlier for #a, Co, and Ni;. Cobalt and nickél
both ‘show vluvated Ievels around: thL bunpowdtr River, north of Baltiﬁore
Harbor; in the uniractionated sediment samples. An. explanation of this
might be that this avea 1s composed of more fins’ sadiment than to the north
“Hawever, Byan's (1933) sedimentological map does not support <
This wiole area of the bay 'is about the same bfﬁiﬂ&ﬂtﬂlOblLdlly.
a number of possible sources of matériat te giiis area besides
thL ones mentioned errlier. ray be sune input of enriched matcrxal
am tite Guhpowder fiver, gapeéﬁdlly since tnis rviver drains ﬂaxnly from
fra Piedmont, Anothar source wight*be'the Back River just to the south
“area. This river received botn industrial and municipal wastewater
rom the ¢ity rf Ealtimore.- The discharze of this river probably flous
tthward due to the obstruction by Hart ang Miller 1slands. iHelz et al.
9757 have suggpestegd the_rémdbilization'O"Hn from the Hack River
diment. Mo data on redox chemistry for this area exist.to check for
éné;ic_input'oﬁ'th* Mo Irem depth. %Jcooaeu-y this is ‘mot an area of
dge’ 'spoil disposal from Baltimore’ Harber.

béer, £~nc, and lLead, These threge leants snow the typlcal decreassa

ard, but cagh axbo show 2 Jtrong source irom Bajtimore tarbor
20, ang 21} bath in the unfractionated and .03 im fractLGnared
gluvated-levels just. north of the Harbor. -

unfractionated samples

. sarples,
Cobalt and Nickel:
closely resemble @ {Figure 13},

or soulb.”

this idea.
" There ‘are
Thare

of

gures 19,
ples; Ce and Zn hloo shoit
al also shows the.Rappidhannock rxnﬁip in the

193, ’OM, and 914)

_sozsz WITH OTnm FSTU méé’ SEL L R

rustal Pnrxchﬂent £actorb were Cdlaulated 1n a mannér similar to the

195&).'-xhe e.rxchmgnL iaccor used 1s ngen as:

PR U . ' : :
o P . S o _ _ , _:%

tx!Fﬂ) . .
T esgdiment

S o
. crist | Lo : EEE
) the LODC\ﬂtrd*LO\S 6t element X»togfe in'the
“ard in the crust. Iron was chosen as ‘tne elemant for '
tion becauss anthropogenic sueurces are emall compared .to natural
‘The eloment for normalization should be one ,upp;led qnly by.
rUQEal wearharing.. Zdiief"vt al. (1974} wsed aluminom for
e will alse uwse rhls Lie"5n* in nrefefehge'tc iron

it

Feis the ratio of

at, ion; and
-{hiS'VPpQPE; _dowpuer nl awdlybps for ti
re not ‘available: "Anvenrichment tac;or Qf onp'xmpileq no

,Ver tne c*qstd} "alues.frl
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_ Enrichment fa;tors for sevsral of the elements in the unfractionated
{sqnﬁles from the mid-point of each Lraverse down the Bay are shown in

. Figure 22, .Tac Mn and Cu valucs drep €0 unlty Taivly Last ia the Uppe* Bay
. gs do Co and Wi which are-nct shown. The Cr values, also not shown, stay

L close Lo unity chroughout tLL enter bay. Eie limited values for Cd,
chobely resewble Zn. - . o

: A number of causes extst “hat cculdjaxplain the enrichment of Zn, .Cd,
and Pb.  Based on tha ta of Muhibaier (1978), atmospheric deposition of
Jgathropogenically de fxvad contaninduts is probably.sianificant for these
‘three elements, Ansther pessible cause of the earichment of Zn, €d, and 'Y
‘could be unrepresentativé crustul avundance data. The Susquehanna dra1naud
basin and Chesapeake Bay may be anomalous compared “to the - average
continental crust. Noteé 'that the hign levels of enrichment do not appear
to be dsSociated spacially with the mouth of Baltimore harbor ‘at 250 km, -
hus those earichments arve not ascribable to vontaminants.emanating fron

he -Harbor, unless-ir is assuﬁed that. the CDTLa“]nJREb nage b;come WLSLiV
istributed over a huadred km or o 01 the upper osay

JIt. 1s of interest to $ee. 1f other east coast estuaries dlsplay s'nxlar
enrichments of Zn, Cd -ﬁnd Pb or any.of the ptoer elements. Enrichment
actors for thé various elements -for a numbr T of zant coast and Culf ceast
yaries are snown in Table &, Tt can be seen in ;en iral £n, Ld and
arelentzcheﬁ in 3il areas listed. o
“The anrichment factors {Table &) show tne
fithéd in the various elements. Since the belaware iz znother large

ary just to the nafth of-‘the Chesapeake Bay, f{arther compariscn betwsen
twois warranted, The Delaware River, which is thﬂ main fluvial source
hieiDelaware Bay, khag a drainage basin yeuiﬁzxcallv similar to thar of
susquehanna Kiver. UONPV’Y, exbractable meral tevels in tbe .63 un
jont ?Taétion o? the Dpluwara Fay are higher tor Cr, Ni, Cd, and Pb

AJ Bigegs, 1“73) than - in the Chesip ke Bay, hénce the iarber

ank fBLtOYh {Table 158). Tha dltiupgnce‘bqtueen gpg,ﬂelawaxu énd
pedke Bays is gfﬁbublj caused by industrial SOdfPOV which -ér#‘qgf.ad

: fianhé,gi‘thc Delaware, bul concentrated. ’in the subestuaries in
i;e{,-iﬁ ﬂG¥fim0rﬂ'hdrbu‘ oo thL Patapsca River: and Lhe"
lk arca Ainc thg JJNPS vao ' - : L

2lawars- bay to be somewhat‘

;es —alluwln comparlsan af. depo thundi f‘uxes for Lu, Zn, ard ?b

Pb—”iﬁ qnuxr*n»at10n rates Fo bﬂ'(}ie. Th tiuwes in Chacapea&a_
ldbery et al., 1978) .are comparable to thase in the Savannah River

IGOsdoe‘, 9& a!., 1979, aacniateu assuming 4 Sediment porosx;v of
) aad lower Chan those in Narragansett Bay (Uoldberget’al., = -
waver, Santschi (19510 wasrhrh-;A that the fluxes chtained by _
re teohigh.. If- Sancsebi's values are -

et al. in Narragansett Bavoa
e tne ibvsap:adr Bay and Narragansell bay hive. »gﬂDarﬂhlﬂ tiuwes.
er, Ie 1qnal ecn]e what are qﬂﬁe-ia;tcvq ldﬂr r SC b?

< wnen making o COﬂﬁdrlaDW ﬁLthf‘P odat coast rrt:arlos. Una )

Cbe Cable ta e Vd£u=££ ‘anthropacenld etLPrL atter consiuerx.g_

"f,; Lu'v"rlutxoa in tha 15%95'_41 ﬁneron ant of the drainage

.ns_az rvatallu

: ¥ south; Coa:tal

'jnbr;peru éstyaries urwho@LnanL;v hrais
nq,mﬁtamor"nar rocks, witie as vae )rué'

TR
rurLhn

e

onsol tdated 5‘Hlmpn;$ constitute more of the dratnzge basin..
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Table 8;: Compdrlson of Averag? Enrichment Factorsl in Varlous
East and Gulf Coast Estuarlts (North to South)
Cr Mn Co Ni Cu Zn cd Pb nZ
gansettfﬁay . . . o .‘_;
foidberz et al. 19777 . 3. 1 1 Sl 6 o IS 17 (1)
jams et al. I978). - .20 - =L 2 &~ 9 (37) o )
s Bxbgs, 1973) 3 - .13 2 10 17 16 - (1264) - )

sowmsom, 1976) 71 =T w0 w0 s W G

ah-River. e it
toal. 1979)

1976) -

Presley’




Erosion. and subsequent transport éhoﬁld be greater in the coastal plain
'proviuce. The ¢rystalline rocks west ot the fall:line in the southern’ part

(- are highly weathered and include qaprollte in parts of Korth and South :
“Carolina and further south. Meade and LerDl; L18974) revort Su%p@nded L
sedinent data from circa 1910 which show that amounts of suspended sediment
inireased in a southeriy divestion. However, tane suspended sediment
“discharge ia most 50Jtherﬁ rivers has decreased between 1910 and 1970 due.
to the construcrtion of reservoLrs {¥eade and Tr1mble, 197») For the
Susguebanna Biver and.rivers to the north, suspanded sediment discharge has
“increased butween i“xu and 1370 by a rﬂdll amount gue to changés in land
use, despite the fact tha:-a.number ot reservoirs have been cohstructéd_on'
the busgu‘hanqa river, T :
. Besides the geolegy of. the dra1pa’e basin, contineantal Lhelf lnpu:
{Meade, 1969, 1972a) is - another important source of &vdxuent eschxallv in
spall estuaries. -}a;hauay,(IQ?h) found two major clay zineral facies along
the:Atiantic'cOntiuen:al,ﬁatgiﬁ ahd-in tha. assorlited ® %;uarxes._ The
Chesapeake Bav and estuaries to the nsrth are chordactérized by illite and
Rlorite 3% a resuylt of reworking and redepogition of waterial contrlbu:eu
diuring the Ple cistocens (Hathaway 1972). The Chesapeake B3y is the ]
snuthern-muqt estuary that is. fed by rivers that rialned. giaciated aredis. .’
Estuarxng sedxmeﬂts te the south oL tha Bay are Lh&det&!iZLd by kdollﬁite
and montmorllionlte. o : . . -
One last factor wmust be cons1dered wnﬂn making a comparisén Df'trace'
als in various east cuast @stuyaries.  This is the mechod of sampte -
gparattun.' Differant adid exfractions have different l=aching .
ciencies, and total digesrions with 'HF or. fusxﬁhs produce higher

ts than extractions due Ld}dissolntion of agavy'ﬁinnrais. “Thus it.

_1d be clear that all- éQtdaries are not.equal with respect to guologlcal
i;qnneht, metal aqaiyses are ot alw &yq cnmnaerle' twd man. has a. :
ir InfluenC? on contaminating the coastatl wnvxronmﬁnt. This makes .
_comparisons t"nuaus especialiy wien one ié,tr)xn 1o evaluate
penlc effects) : Lo . -

IAREUR A Li A&;,ﬁ RIV%R Std[“h”?a'

ddta for Both core and suriace samp{es for Ba[txmore Harbar and the
th vaer-arc shown in Appendix B. Five $ hhplvs frum each core were.
ed, -these 99:3 :;lécte* from the top, bottsm, ‘and a2t three equally
Lntermediétes; The-surface huh?LES ia’ thn uarcar dre from tne
'l'that runs the length of the liarbor.. 7 -
r. OF 9neral 055ervat10ﬂ§ dan v made frum;ﬁhé,datd. 3§he 51.‘
¢ main Bay in each area, but

“For the Hampton Roads afed this is.
Erﬁ Bh?fqroﬁ?r has mainly aand-silé'siiéﬁ '

8. For Baltimure Harbor the Al content in Hurtace sediments ‘
Ses into. the Havbor, ranging from apﬂroxtmatelv six percent to eight’
; j. Tune traces ent_Leuvls in J‘I{tﬁore Harbor are
nton Hends -ares. o The ateraze con ceritrations of V,
: are usually a tactor of twe pigher in Baltimore .

¥, 155 shoun xn-lao.é ¢ are results-from DL? ] o
ators for comparisan,- This lawe d if'ern“cvr cap be ditrlguted‘infa

alkv f1igh 'u falt
;;sruh §1¢C“ the s0
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Average Concealration of Elemédats iu Sedimsnts of Bultimocoe Harlor

“fable 9. _ ] :
and UHampton Roads Area (up/g except where i)

" Hamptoa Roads

_‘Baltiﬁoré Harbor

cghis villa & 5 Tsai- & p - this o0 Johnson &
study - . Johnson others ’ study . Villa

7.6% -




'1ar5e part to dxlf*rences in sampie dL Eributions.‘ Sampling in ch1s study
as limized o the matn Harbur wnxle thg ctn&rq b3mplcd in the more
ont:ﬁxnatrd back creeﬂs., ) oL : - I

Coopralininary statistical cuxs;ﬁeratluns tor the. Hamntow Koads ufga show -
a'numher of Slbhilludﬁt correlations betweeen me[uls which agres wi[h'those
dererninad, in the waxn Bay. One. sirong  wssocration - Ebund 4in both areas xa
1 with Tx,_V; <r, FL,:Jﬂd hl._:ractor analysxs also Shows, thxs ' : -
SSDCLarxun, which s interpreted gs being dué Lo [ine-graine ed. ciayb. Thié‘T
“factor Ls the ma;ax'uan folling one botn in the Bay aod in toe Haept ton. N
cadls area.: The results £or Baltimore Marber are SDﬂLUhaL a1!tertnt.
actor analvsxb stows Fe . {presupably on hraxa COaEvas) to. have. major :
;.rrol clavs (erresent ad. by ALY are secont. btrnng LorrelatLons wlth Al -
re-nut 3pyarent altheuzn d correlation bewiween Al, Mn, and Co does '
A gETOOR curr;iarloq betveen Cr T in-eoyurs angJ; probqoly due to_

"énic lnput.-~_ . S :
V‘awpl ‘in B:itxwore Harﬁor nave an nl coﬂtnqt that exregde eignt

Vﬂrbor while the Al content -in the Hay
Cason 10r this

in thv xar 2r reaches of the
Miwn ba rarelv yxce=d 7.5 perceint. A ﬂobalJlﬂ

tplier AL vontent ‘is tiat. cLo_%arbor mav bé a trap for fit _

Ft.is uwlxg»lv rhat Al is an 3hk “nurenlc uontaﬂxnant,usincel'

'Jen;c 3dd1t19 0; nl wouid racuer assive mOUNES. :

i : '1~;dncL iuto the Harbor (Flgure 23) is

onSLstvut thh éata from pnysical sedim =wtu;ag}.: almer. €1975) found. [he

an fiaror ta have 60 peroe ut'clﬂy._ ¥He also iouqd =

reent hlaugonitc and -’ > percent ﬂdb~0f1££ in the fame area. The

_1:5%;, extent thu'prﬁxange'ut glauconite are probably e spensxbl Jfer
hirgh AI cantents - Hore recant unnuaixvhec dlmontologxcai data trom )
4rvland Ggaiagxcal Survey alsp suppart the flqe;ﬁrqzued natire of the’
ment w1th thie conclesions of Gotrselalk 1194&) and.
‘silt and clav in tﬂ,,ndrbgr is unusualiy
iﬂtrﬁ denoq'tiﬂn s thL maln reass 1 tor drnﬁgxng

fls in

d-,f

:lous in at thL surtabe ~and bﬂtgom and aut s mid- LUth (Larpenter e
'lSﬁti;; The Patapscd River and n;nﬁr'5ﬂ31l §rréams entéring the Harbor.
fave only a a\ail xuput compared to the 1nput tran the an._'The Barhor has -
shimg rate 3 10 percant;day or. ths w&tnr i3 turped-avar once xn-'
Cihis 1S 'F!atlvﬁlv faqL and aliqu tor the’ tran&port of

al. (1979) ra 9rt_mefai
1woat g0 b similar ©O -
31 harnﬂr xs_a eaurce to the
uﬁvcvﬁf the an'it'nroh MAL source: for the varbor. N
‘:lﬁi'thé_hivh Al ‘angﬁnt { r*»d selemnt\ e “would not ogi
iroto i “the contamin _uthm\rg Harhe* itom abéotute
of motaisy’ Theder d 3 ' lave been . o
: e \onnlts, and since
hnve besn fniivenced. bv
{a ctors havc'

Harvis et

Tan e ':i.':_rb'.u-.

dcé'ﬁizméasuréaents

son to kr{:nve'rhaz-

ﬂnthl»lﬂ"\rﬁfﬂ“up r, at
with an Ag_hls;;

e ﬂ.[‘LL{

yconite 19 preseut og SGilt-sized {u:t1c1<s._ Chhe- h;ger Iav content and.

7f,om thﬂ B&v to be éaciisd in and depcrited, Espccxally"'“




EF = (klAi)sedxment

{X/41):

average shale

:where XfALl is the raczo of the concentrations of element X to Al.
nd Wedepohl's (1961) average shale datrs are usad here because butu
Baltimore- Harbor and the Hampton Roads area are composed of argillaceous
sediments such a: those from which shales evolve, The enrichment factors
.re ‘presented in appendix B,
In Baltimore Harbor, there 13 a large amount of enrichment of €r, €o,
nd Zn-usually found down the length of the cores. The oth .r elements (Ti;
ﬂ, Fe, Ni) snow miniral enrichizentc. Vanadium does show some enrichmént in
ertain areas., The enrichment can bhe seen In the surtace samples from the
arbor mouth te the ianzr Harbor near Fort McHenry (Figure 245. lhree
ifferent patterns emerge — (1) ¥ shows no entichmant, core samples closer
hore however do chow some enriclment, (2) Cr suuwa iIncréasing
rlchment v the Ha:nor,'and €33 Fn shawa enrichi.ent Tthroughour the
arbor. -In the Hampton Roods area, there is no CORns xatan anthrauogunxc
fect on Cr or ¥ bur Zn 15 hlznzy enriched. .
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- 'SECTION 6.

GEGCHRONOLOGY OF THE CORES

The. lead. -210 data obtalned for the Cheqantake Bay gravity cores are
tabulated in Appendix C. In Figure 25 the total lead=210 .vs. depth 1is
plotted for one core; the vertical bars represent the depth interval
sampled (2.0 cm) and the horizontal bars represent + Iﬂ'uncertaxntlhs in
the lead-210 acrivities. Tha metihod ot Cdlculatlna the excess

. (énsupported) lead-210.activities and their statistical uncertalnt1es from
- the countlna data was as £oliows.

‘102b-(dpm7gramlr= E_Eﬁﬁ ~ 220ga
o : b X—d :

background cofrected 21“?0 counnts
bacnground corrected 2U% Po counts .
activity of 2UYp, yield tracer
welght of sedlment sample which underwent acxd 1eafhxng

‘where

1l

nnle
1

he uncertainties in each factor contrlbure to the tozal analytlcal
rtalnty in the tellowLng mannper: i :

= pa/a)2 + yb/b)z + ( Me fc)z + { pdfd}z

re represents the’ 68 percenz confldnnce Luterval. JIN this- equatlon,'p
s_expreased ‘as a fraction of the lead-210 acrivity.’ To evaluate ‘this .
quation .one percent’ uncertazncles were assumed for. parameters c and d [ﬁsa
s standard 1n calculating’ uncertalntxes in- count1ng data p, and Pb o
re taken as. the square roots of parameters a and b, respectxve!v._ For a
ypicai case of 1000 polonlum~°10 couiits and 2000 polonxum—ZOg counts, B
ill be 4,2 percent. Thzq was: the error associated with the total 1ead -210
ta in Appendix C._ “To caﬂpute the total uucertalnty in excess"_ s B
nsi ported) lTead-210, an error must be assigned to the radicm-226 -
ty. .Radium-226 was determined on acid leached sed;ments from the.
d botcems of each . sediment core. The uncertstnty in a SLngle e
e nt_of radxum—22& was assumed. Lo be. * seven percent,

even. Chuugh

ertaint ;ncludes fluctuatlonf in the eff1c1ency of the radon~-222 "

ed, The total unherta1nty in the excess iead-ZIG act1v1ty oan ber-

( ﬁ-x.glééb)z ?_?g

i ta the nimbar of- times {hat the radxum-Z*G w‘mp1e was analyzed.
ed'mﬁntatxon rates for the sediment COres were LOﬁputed on - the’ basis
uv@upported lead=210 values.' These concentrations were derived by
ing the average radium-226 conuent:atxon from tha. Lotal tead-210.

-UﬂI" the unsuppcrt d ‘Or excess component 13 useful {o: sedxment

unting statistics were usually better rhan + three ‘percent.’. The larger_{_uu

ing.and extraction systems and znhomobenelt 28 '1in the sediment samplesﬂ-'
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ehrondlogy as it is the oaly component which can be expected to change with
“lead ~210, A CL031;vear. - At steadv state conditions, this relationskip 1s.

'A = A e Y t..
where A, is the unsupported lead-218 activity at depth x, 'Ax the excess
leag-210 activity at the sediment-water interface,. and t the age
corresponding to depth x. A plot of 'ln'a ds a furiction of depth’ ylelds a

. curve whose slope -ig proportlonal to the rate of change of age with depth
er the sedzmentatxon rate., Tne exact relatxonsnxp is: ) - -

= - A-/m

" whére .S is Lhe sea;mL1rat10n rate and m is the slépe of the linear lteast

squares lan throtgh the data. . :
Most of the lead-210 profiles from the Chebapeﬂke 54V can be dxvxded

“central _regiom where activities dLCdeS& logaritimically with depth in the
core, and a,loer region of constant low -activities. The thrée reglons,
“mixed surficial layer, zone of radiocactive decay and backgrOLud zone ‘are
“variable in depth depending cn core ‘locaticn.: ror. example, the mixed
surficial’ lhyer may vary from ¢ - 10 cm depcndxnb on local phys1cal and’

cxcess ‘lead-210 activities in the zone of radiodctive decay for each core.:
It was assumed- that. no turbatlnn oceurred in this. zone. -When a surficial
mixed layer was observed it was assumed that ‘the top of the zohe of ,

ddicactive decay represented thL present ~and. that each lower point. in the

1ayer in Lhe PAsSCa, Rates were calculated: for sadiments which showed signs

as below the mixed’ Tegiom
bpd1mentat10n rates calculated for the Chesapcaku Bav sediment COIES'-

re listed in Table 10." The rates ranged from 0.7 to 42,6 mm/)ear-;iThe;
ighest rates were calculated Tfor a Susquehauna River core “and several
es coilected near the mouth of the: Potcmuc River- {11 - Qz 6. wm/year)

he core samples. from the upper “and. lower portlons cf - the Bay were -in
the ‘several mm/year accumilation rate range.- The lowest rate obtained was
core 14.4(0.7 mmfyear) colledted ‘in the provimity of Tilghman Island.

S8 lead~710 activities. (Table 11 do ot exhibit any discernable ij -
de trenas, although thé highest act1v1ty levels id the surficial’ :
Stuarine sediments. ware measured in the- centr;l 5ect101 of. the Chesapeake
cores - 18, 60, 62, 33 and 56).. - .

Comparisons can be made beatween several cores andlyzed in thls study

Althouon the collection locations are’ 911v ‘from tre same general

ﬂnfvear} lies in-the vitinity of Schubel At Hirschberg's (197?)

. time. The rate of change with time is dependent ‘upon. the decay constant of -

_inte three discrete regions: a surface layer with homogénkous activities, a.

blolovlcal praogesses. Sedirent accamulat;on rates were determined from the

sedlmentary columu represented a laver of sediment removed below the. mixed -

f.miwing in . the surfdce layers by choosxng onlv'thp part of. the data whlch,{:

‘the exceptions’ of cores 6. and 55 (8.8 and 17.8 mm/ygar) the remainder -

h previously published lead-210 sedimentation rates {Table 12 and }lgurel"
“the agreement is relat1vely giod . with oniv ‘gne exﬁeptlow. Core #14 -

ent sapple -(0.9 - 1.2 nw/year); Coreg #53 aad 85 (1.8 and 3.7 mm/year}
ust scuth of boldberg 8t al'q (1975) 5ampke 1ocat10n (3 mm/vear} Core

L8 i)




" Station

Latitude

52

A

6

. ss

- T

s

© 60 .

Tage 52

| 39029735
39019 N
390090
3_33?98'§0§x
38039 X

38918 N

38010"30"N

38011°30"N

35012'30M™N

380000 ¥
37en1i3onN
_537Q§1515“3 )
'3i043fisﬁxx
fi?ézﬁ'{,'u N
ooy

4;&5&55-River) '

.3301;- N

Table 10. Chesapeéke an Lead-210 Sediméptaticn Rates

rLongitudﬁ_

750567 30"
76014 W
76923' W

76723' 30"

76025'30"W

76920" W

76919'30"W

76007745

- 75957' 50

760030 W

76914730"W
76204730

75955015

76004 . W .

76147 TS

: dimentation rate derived from the cesium137 time
orizon is listed in parenthesis. -~ Lo

Sedimentation Rate¥

_{mm/year)
2.0

3.1 (5.6)

2.3
12.6 -

6.6




- Station -

. )
o

52

' .Table 1i.

Excess Lead-210 Actxvxty in Chesapeake-ﬁay-
Surflczal Sediments '

Total 2i0py

2.33

407

4.91

5.7%

'_[,8.02
S 7.51

7.61 %

'-2.86-4

S .

.21

.37

.

;57 o
¥ .61
46

urz o

C6.77

7,01

Excesé 210 Pb

. {dpm/fgram +'1

1.06 5 .11
2,71+ L2
EERTE 23
5.07 + .31

-4;96'+_q3§'

|+

7.49

.55

N

I+ -

A2

e

}jhf:_

)

R IRt IR

226p, -

0.65

1.54

1.4

©0.71.

0.85

0.89

A+

T

.03 -
.06

.09

+.05

07

04
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Table '12: 'Chesépeake Bay lLedd-210 Sediméntﬁtiqn Rates - .
(Previously Heported Studies) :

] o _ : Sedimentation Rate
Authors s Latitude longitude : '{‘““'i {mm/year) -

~ - Schubel § Hirsch~ IBOLE'IGMNS . 7692400"W 0.9 -2
béerg (1977} ' ' ' :

Goldberg et als . 39014'13"% 7o014'lg"y . ko
(9rs)y - L L S R o
- IBESTILINN 760224 % 30

350350 R0MN L 7s€25M g™ 10

o CL ‘ SRR
39022478 L 76905320y ‘ b4

T™rm
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£18 (3.8 mm/year) is also south of anorher Coldberg et al. sediment core (5
mmfyear); and core #52 (2.0 mm/year) is located north of a Hirschberg and
Schubel (1979) coring site (4.5 mm/year). The one anomaly is between core
(3.1 mm/vear) and a Goldberg et al. (1978) sanple hav1ng an extremely
high sedinsientation rate (80 mm/year). :

© The ability of lead-21D geochronology to estimate sediment arcumulatlon
ates is a function of the natural local variability of sedxmentatxon rates

ad its analytxc 1 rﬂproducxbllltvt; To test the latter, core #85 was )
nalyzed:both in the fall of 1979 and the spring of 1980. ' The analytiecal
recision (duplicate analyses were performed at the same core depths)
etweén the samples is tabulated in Appendix C. - Sedimentation rates -
alcvlated from tiie excess lead-210 data differed by U.1 mm/yr.
Additional ¢hetks on. the lead=210 accumulation rates were provided by
braining pollen and cesium-137. The cesium=137 acrivity maximum in the
es is assumed to represent the 1963 ruclear fallout maximum which o
curred after the 1961-1962 period of intensive nuclear weapons testing by
he United States and the Soviet Union. For core #4 this cesPum-137 peak
¢ors in the 8-10 centimetér interval. Assigning the 1963 date to che
point-of this interval yields a sedimentation rate.of 5.6 mm/year
us the lead-~210 rate of 3.1 mm/yvear. For core #24 the cesium~137 peak
'ess deflnxte and may have been spread out by physical prozesses (i.e.
And wave acthLty) or b1010g1c31 dlsturbances (i.e. burrowing - .
Assigning the 1963 date the wid-point- of the 14-18
rion rate. of 1o mm/year N

_orghnlsms).
154 meter interval yields an average accumuls

the lead=~210 derxved rate of 12.4 mm/year..




SECTION.7

GEOCHEMISTRY OF THE COKES

MAIh BAY COhaS

‘The samé cores that were analyzéd for 210¢p were analyzed for a

umber of ‘major and minor elements. The data are presented in Appendix D.
rustal enrluhnunts factors are also preseured “Since Al was determined in
e corés, the Lntlcnment factors. in Appendix D. are placed on an aluminum
asis, rather than an iren b351§. Iron-based enrichment facrors, for )
voarxqon with those discussed in $2ction 5, ran he computed simply by
jviding the enrichment factor of any. &1ement 1n Table D-2 by the
orresponding eﬁrlcpment factor .for iron.

X

L FE Bgsis : 'E?FE IR
: Lo Al BaSIS

Table 13 nges the wexght ratios of carbon to nxtrogen. _These ratios
bLen used in the past as xnaxcators of the origin of the organic

produced by marine algae tends to. be more nitrogén-rich than that
ced by terrestrial” plaats and tr"nsported into the estaurine . Zone by

*.The data in Table 13 reveal high [¥4:4 ratios north. of Baltimore

“f Balt1more are similar to those “found in warine sediments. An
nakes the nnalyses sonewhat uncertain but also where- ‘ghe /N rat10
modified by petr&keum ot ‘coal. contamination in the sediment s,

of- the cores contaxn much hxgher concentrations of some elements
he surface than at deprh.  This is summarized for all cores. inp Table
iliustrated fot one. core ian Figure 2?.- These” changes in. sediment. -
‘on. most llxcly are- produced bya varxety ‘of. processes.i ‘In the
_pward incredses. in §i, Tior zr'(e.g. cores Sus,: 52 102, 99)
'prﬂpottxons of. sand, clay. and heavy minerals over. a perlod of
's to be the-only reasonable explanation, because anthropobenic

2 ‘gores 4, 1B). ‘ :
e dther hand, in the cas e o: upuard enrtcnrents 1n elements such

alling factor, because the upward eurichments are apparent =

enobxllzatlon or enrxchmen; from antlropogenlc soarces is’ &
15 the besL X nown anmple 6f an element that becores

ny.of the £ores (see Hd GEOIogzcal Survev data Dresented 1n'

70 -

¢.in sediments (M 1111am5, 1968; N:ssenbaum and -Kaplan, 1972). Organic -

most of the\Susqve?anna suspended load. is depo>1ted.f The €/N. values -

on'is core Y9 near Norfolk where a very. low’ cencentration of organxc,

uid be too small coinparad re matural sources. to account for the
rthermore there are ?Iso co*es in whlc? these elembnts decrease:.

nd Znm, - viariation in the proportions of clay to sand is probably .

Jentrichment tac;or tables {Appendix D} where normailizatiod to_:*
argely comuensata for clay/sand variations, -For thosa ekements{

rlng diagenesis. Under the reducing conditions that exist at’ .
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-other Chesapeake Bay Program reports) nan"antae dissalves and can dlffuse
,hpuards toward the okxic-anoxic interface where it can re-oxidize and
“precipitate. This process will prodacs- Mn enrlchmont near the s;dxment
-surface. Uther elewments: tnat readily coprecipi irate with Mn {e « Co, KL~
and Cu) may mxgrat: in a milar fashien, eﬁpegxallx if sulfld ‘ls absent.
’ Zinc is one of the EILWEBKb that was Tound in cht1on 3 to. be enriched
relative to coatinertal crusl over much ot the bayv' s bo{tom. 1t is also

. the element that wmost consistently shows. upward. enrichuent 1n the cares,
"and does so even in cores .where no dpward enrichment in Ma occurs. Since

tables. in Appendlx B, it probdb‘y 1s not explainable by chticiiges in the -
_elay/sand ratio,, Thesv lines of evxdence supgest that the Zn pr0111 s are
"raflecring anthropogenic contamination of thuapcake bay in recent :
‘decades., A similar conclusxon has been reached by Goldberg, et al (197&).
. In_the specifi¢ case of core 4, data from which are plot“=d-1n }Lgure
.26, the closely cerrelated protxlgb for six Goocheﬂxcailv ‘disparate
:elpments suggest yet another mechanism.{or the enrtchment’s near Lhe

: surface. Since core-4 odécurs near the LUrbiulLV raxlmun, a region where
‘Sehubel and Zabawa (1977; chserved deposition of ds wuch as 20 cm of
ediment - bv Harricane Agnes, the enrichmont zone near the Eop-of the core
av. simply . reflect the Agnes event. 1In this case the enrichments relat1vc
-to deepéer sedlmen; might be explained by argulng that' Agnes,brou ht

T ugnt materials ‘from different sources than normally COBttlbUtc to the
usqunhanna s quspended load. For example, rhe 1¢r"e concenfratiosa of
arbon in the top 20 cim of core 4.may b. due to scouring of the. A hovizon .
n’soils during floodlng of f";db and forests :SuLh as occured during
'rricang Al mess - . :

BALTI%ORS H&RBOR nND ELIZABLTB RIVER VORES e
Y . .
Hosk elements in Baltlﬁur: ﬂarbor Qhow'oﬂrat1c chan g;s thh deprh inw
08t cores. The' ﬁaukments sear: {o have been jumbled by dredging, .
propéller wash etc.' The agtu.for the hdmatoq Roads .coras {AppL1a1 D} are
55 ervatic and most .show a svstematic dLCf:H‘P in Zn with &upth. Zind
.good marker for antnrOﬁogenlc contaminiticn and the surface of both
stuaries are mar kedly contaminated even when th@ t’nxng erfect (Sectxon
8 elxmxnated by normalizing to Al.
£ e 311 cores collected 1rom—the Elizabeth hlv;r, two are in a-
1 el ‘area ‘that undﬁrgoes regular mainteaance. drtj&‘ﬂ” and are probably
from this process. -The other cores 3re further upriver and out of .

,eﬂularly dredged cnanqel._ Figure 28 is a plot of the darta.from these
Thie Zn concentrations havée been narnalized to the valwe at the .
m of the carey The four cores appear to fesord an PKquLﬁtymlxj
ard increasing Zn concentration. This could be catsed hy-an’
CXimately Pxpodontlal lntreass in-Zn. sources over time, combined u1th a
tantideposition . rate or any dawaward miNing Process. The former. .
.Esi:'is plavsible i the sources have Joubled approximately every 25
".Keevln with the nopulation %.GWLH ratt.. Thxs Teads to an>’.
: epos1t10n rate °f 0;3'4 01GVLHIVT'WTLCF is rea~o1able.__$hi5f'
raie out the poss.iility; iowéver,- Chat Iie actual depoyiticn rate
slower and the Zn-haf hoern ‘mixed dow.wurd.- ) IR N

the upward earichment in Zn is clearly delineated in the entichment factor

‘nthropo enically contaminated materials into the Yav or simply that Agnes
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timore Harbor'ére erfatic in the upper
ow which Zn drops below 200 pefg dnd

Although tﬂeVZn'ﬁrofiles'from‘Bal
200 pegfe can ke I o

‘cores, there is usually a horizon bel

‘sertles dawn. Based on our study of the maii Bay cores,

adopted as -a background, or only mildly contaminated level. This will . .
allow an estimation of the thickness of the contaminated lz ‘er in Baltimere

Harbor., : _ ‘ _ ' o ' .

Usin, the dara from 12 cores from this study and 18 cores from an S .. F

"earlier=EPA study (Anonymoué,'l9?7), the depth to tha 200 rglg isopletk can N
be estimated by interpolation. In cases where it lies #lightly below the .

vl .om sample, the estimate was made by extrapolatien provided the - .
extrapolation was not more than half the core's length desper, ihe depth
in meters to the 200 y is shown in Figure 29. The most

't i area of contaminatron { »3 meters) in the

t McHenry. This is tae same as:rea where Al is the
' postion rates provably occur, The -
A seaward diveztism.  Tha .

r-at rhe ;a;oorsnouth,

- inner Harbor area near For
“highest and is also where very high de

.- wedge of contaminarion slowly thins in
- contaminated zon2 is less than 0.5 mete
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“Appendix A
Surface 'zs'ax';xplé_ Da ta dnd -':L'E_)ca'ti s
For Main Bay Stations .




Table A= l

,Data for Cr Mn, Fe, Co, Nl,
‘Cu, €n, C&, and Pb wzth
sampln locatlons

CAlL values are ug metal/c of

dry sediment except Fe which

is %, The vaiues are. gcod to,
only two sxgnlLlcant ngures.
Additional zerces 'in some cases
rezsult from computer format._
Locdtions are given in- degrees of
latitude and longltude expressed
-as decimal fractions. . The-

'1follow1ng codes are used.

'«l 0 Trace ' 2
. ~2.0 Not Detectable .
,“3 0 Not Analyzed '
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